Purpose -The paper aims to investigate the rate of Iranian researchers collaboration with their colleagues in other countries in science citation index (SCI). In addition, it seeks to investigate the visibility of publications by Iranian researchers, and particularly the visibility of papers resulting from international collaboration. Design/methodology/approach -The paper employs the survey research method to answer research questions. Any publication recorded in the SCI database from 1998 to 2007 with at least one Iranian author was recognized and transferred to a database in Excel. The total records were 33,813. This number mostly includes articles, letters, notes, and reviews. Findings -The results showed that Iranian researchers have had scientific collaboration with 115 countries, and that their numbers have increased between 1998 and 2007. The results also showed that the number of domestic articles per year was 2-3.5 times more than international ones. Investigating international collaboration in different subject areas revealed that geosciences had the biggest number of publications co-authored internationally. Iran's main partners were the USA, Canada, and UK, respectively. European researchers were the main counterparts of Iranian researchers. In addition, Iranian researchers had mostly co-published with their colleagues in advanced countries. Among Iranian universities and research institutions, the University of Tehran had the highest collaboration at the international level. The results revealed that the average number of citations received by international co-authored publications was more than those received by domestic co-authored publications. Originality/value -The paper shows the situation of international collaboration among Iranian researchers and the impact of publications resulting from international collaboration.
Introduction
There has been increased interest in participation in international scientific collaboration networks in recent years. Scientific collaboration is one means of advancing research and enhancing publication capacity (Pao, 1992) . Collaboration can be beneficial for several reasons: it provides a large pool of available ideas, methods, and resources, and it allows cost sharing and time saving as a result of division of labor (Avkiran, 1997; Katz and Martin, 1997) . Collaboration is often a critical aspect of scientific research, which is dominated by complex problems, rapidly changing technology, dynamic growth of knowledge, and highly specialized areas of expertise. An individual scientist can seldom provide all of the expertise and resources necessary to address complex research problems.
Nowadays, it is more common for scientists to conduct research in collaboration with their colleagues in different institutions, countries, or disciplines. In recent decades, international scientific collaboration has greatly intensified (Glänzel et al., 1999) , becoming a topic of increasing interest for both scientists and science policymakers (Moed et al., 1991; Katz and Hicks, 1997) . International collaboration has its own benefits. It is generally considered to increase citation rates more than purely domestic collaboration (Glänzel and Schubert, 2001; Narin et al., 1991; Katz and Hicks, 1997; Goldfinch et al., 2003) and to be especially beneficial for scientists from developing and underdeveloped countries (Rousseau, 2000; Goldfinch et al., 2003) .
Many countries encourage their scientists to collaborate internationally. Fortunately, researchers from developing countries are taking part in and benefiting from this opportunity (Wagner, 2005) . The present survey aims to examine international research collaboration in Iran in order to determine the extent of international collaboration among Iranian researchers and the main international counterparts. In addition, it determines the impact of international collaboration on visibility of these publications. In this paper, publications in which Iranian researchers had cooperated with researchers from other countries were considered as international publications and those which were just co-published by Iranian colleagues were considered as domestic ones. The findings of this paper showed that the rate of publications by domestic author teams was higher than the rate of publications by international author teams in all examined years, and that only 22 percent of Iranian research publications that achieved global visibility in the science citation index (SCI) database were publications from international author teams.
Objectives of the study
This research mainly aims to study the situation and rate of international collaboration among Iranian researchers in SCI. Specific objectives of the study are as follows:
.
To study the growth rate of publications with international author teams against publications with domestic author teams during the period 1998-2007.
.
To study the proportion of publications with international author teams against domestic author teams in different subject categories.
. To determine the number of Iran's international counterparts.
. To determine the rate of collaboration with the five continents and also with four groups of scientific countries of the world, including scientifically advanced, proficient, developing, and lagging countries.
. To identify the main Iranian institutions taking part in international collaboration.
. To investigate and compare citation impact of international co-authored publications against citation impact of domestic co-authored publications.
Review of literature
Collaboration and co-authorship has been the subject of many publications, but for the purpose of this paper, some related publications are reviewed. On the basis of articles published in Chinese scientific and technical periodicals in 1993, Haiqi and Hong (1997) analyzed the characteristics of scientific research collaboration in China by means of bibliometric indicators, collaborative index, and degree and level of collaboration. The findings showed that there was sufficient evidence of a steady increase in the number of authors per article and in the proportion of co-authored articles in China which was in line with international trends. LHT 28,3 Basu and Kumar (2000) studied the international collaboration in Indian sciences during 1990-1994. They found that international collaboration increased among Indian researchers during that period. Indian researchers mostly cooperated with their colleagues in developed western countries and their main research partners were Americans. Kim (2005) investigated the pattern of Korean international collaboration during two periods, 1995-1997 and 1998-2000 and found a clear decrease in Korea's international collaboration level. Among the top ten collaborating countries, only the Chinese and Canadian share of collaborative publications with Korea increased in the periods under consideration.
Wagner (2005) examined international collaboration among researchers by fields of study (astrophysics, geophysics, mathematical logic, polymers, soil science, and virology), and showed that international collaboration grew in all fields at rates that were higher than the international average. Anuradha and Urs (2007) analyzed international collaboration patterns in Indian publications by tracking out multi-author publications as cited in the SCI database. According to correspondence analysis of the data sets, physics, chemistry, and clinical medicine were the first, second, and third largest subject areas having international collaboration. The USA, Italy, Germany, France, and UK were the top five countries which collaborated with India.
Comprehensive macro-studies of international collaborations in sciences by Schubert and Braun (1990) and Glänzel (2001) showed that the share of internationally co-authored papers in most countries has dramatically increased during the last two decades. Glänzel (2001) also pointed out that the world standards indicated a higher expected citation rate of international publications in all fields of science. In another study, Glänzel and de Lange (2002) had analyzed citation patterns of multi-national papers. They concluded that countries generally benefit from participation in multi-national projects.
Research questions
To answer the main question raised for this paper, we try to answer the following questions: 
International scientific collaboration
Data collection and methodology This paper employs the survey research method to answer research questions. To find Iranian researchers publications in SCI, the formula of "CU ¼ IRAN" was entered into advanced search box of web of science database, then SCI and the period 1998-2007 were selected. As a result, any publication recorded in the SCI database from 1998 to 2007 with at least one author affiliated to Iranian institutions was recognized and transferred to a database in Excel. The total records were 33,813. This number mostly includes articles, letters, notes, and reviews.
Co-authorship was then used as the basis for studying the collaborative profile, so single author publications were omitted from the database. As a result, the total number of records decreased to 30,827. Co-authored publications were categorized by the country of authors as cited in the affiliation field. A publication was considered internationally co-authored only if its authors had affiliations from two or more countries. So, the main subsets of this paper consisted of 7,646 titles in which Iranian researchers have cooperated with foreign researchers.
The study of subject categories devoted to total number of Iranian publications showed that they are published in 182 subfields. Institute for Scientific Information essential science indicators is a multidisciplinary tool, covering 22 fields of knowledge which were adopted in the present paper. In order to prevent subject dispersion, those 182 subfields were mapped into 22 broad fields using ScienceWatch webpage (field definitions; www.ScienceWatch.com) and Leydesdorff and Rafols (2009) paper. Then, the situation of international and domestic collaboration was compared among these 22 subject categories.
To measure the impact of publications with international author teams against domestic teams, the number of citations received by all 30,827 co-authored publications has been counted for a three-year citation window beginning with the publication year.
In addition to Microsoft Excel software, SPSS version 16 was also used for database creation. Exponential regression was used to determine the growth rate of papers with different collaboration patterns. The equation of this model is as follows in which Y is the number of co-authored papers, b is the coefficient of time called growth rate, and t is independent variable (here time):
Research findings
The comparison of the share of domestic and international publications per year showed that the number of publications with domestic author teams per year was 2-3.5 times more than that of publications with international author teams. The share of total domestic co-authored publications to total international co-authored titles during ten years was three to one. It is worth noting that during the investigated years only 22 percent of total Iranian scientific publications were published with the international collaboration pattern.
An analysis of the growth rate of publications with domestic author teams and publications with international author teams (Figure 1) showed that in comparison with publications with international author teams, titles with domestic author teams have grown more over the period under consideration (Table I) . The exponential regression test results proved the fact that domestic papers had a 25.6 percent growth, while this rate for international titles was 21.7 percent. These results were accurate and reliable at a confidence level of 95 percent (significance ¼ 0.001). LHT 28, 3 In order to determine whether the regression line for each collaboration pattern had the best fitness, the correlation between expected and residual values were measured, and showed no correlation in either pattern (Table II) . Figure 2 shows that 62.1 percent of publications in geosciences and 51.2 percent of publications in economics and business have international collaboration. Pharmacology (18.6 percent) and chemistry (18.7 percent) have the lowest number of International scientific collaboration international publications. It should be noted that economics and business are considered as social and humanities subject areas, as a result they have limited number of publications in SCI. In fact, only 43 publications in SCI categorized as economics and business which about half of them were internationally published. Chemistry with 11,092 publications as cited by other writers like Osareh and Wilson (2005) was the most productive subject area but its number of international publications was 2,076 titles (18.7 percent) which was not so considerable.
Iranian researchers had joint publications with their colleagues in 115 countries over the examined years. In 1998, the number of collaborating countries was 38, which by 2007 had increased to 83 countries. In fact, the number of collaborating countries has doubled during this period (Figure 3) . A list of collaborating countries is shown in Table III . Iran's main partners at international level were the USA, Canada, and UK with 1,675, 1,277, and 1,181 joint publications, respectively. Considering overall scientific size of each collaborating country, it should be noted that although about 5 percent of Iran's publications during the ten-year period were published in cooperation with American scientists, only 0.1 percent of all USA's publications were co-authored with their Iranian colleagues. In addition, 0.2 percent of Canada's publications and 0.1 percent of UK publications only were co-authored with Iranian researchers during the examined years. In this paper, 115 collaborating countries with Iran were grouped in two ways. The first was a continental group which categorized countries into five subgroups, i.e. Asia, Africa, America, Europe, and Oceania. The number of joint publications of each continent with Iran was then calculated. The results showed that Iranian researchers had mostly co-published with their colleagues in Europe, America, Asia, and Oceania, respectively, (Table IV and Figure 4 ). The second was categorizing collaborating countries into four groups including: scientifically advanced, proficient, developing, and lagging countries. This kind of grouping was based on the fact that different countries have different capacities to conduct scientific research and to perform research. Many factors contribute to scientific and research capacity including national infrastructure (e.g. communication and transportation networks and legal systems); the pool of scientists, engineers, and other trained workforce; laboratories and other research facilities; and academic institutions. Wagner et al. (2001) developed an index of scientific and technological capacity for 150 nations which is constructed on the basis of the available national-level data like gross national product, number of scientists and engineers, number of S&T journal articles, and patents. According to this index, the scientifically advanced group includes 22 countries, the proficient group includes 24 countries, the developing group includes 24 countries, and the lagging group includes 80 countries.
It should be mentioned that due to a lack of statistics (Wagner et al., 2001 ) some collaborating countries including Qatar, Cyprus, Bahrain, Serbia, Montenegro, Granada, and Monaco were not included in these 150 countries.
As shown in Table V , in terms of co-authored publications, the main partners of Iranian researchers were scientifically advanced countries. Scientifically proficient countries came second with slightly more diversification than advanced countries. The third and fourth partner groups were scientifically lagging and developing countries, respectively. In order to determine the most productive Iranian research institutions in international joint publications, the affiliations of authors were carefully investigated. After discovering different forms of an institution's name, the occurrences of each one were calculated. The results showed that the University of Tehran, with 1,079 joint publications, had the most co-published publications and Sharif University of Technology came second.
The list of top ten institutions has been shown in Table VI . These institutions published more than 50 percent of Iran's international co-publications.
To investigate visibility and impact of publications resulted from international collaboration, the average number of citations for publications with international author teams, and for publications with domestic author teams were calculated and compared. On the basis of the results, the average number of citations per paper resulted from international co-authorship (3.9 citations per paper) was approximately twice than citations resulted from domestic collaboration (2.3 citations per paper; Table VII ). In addition, Pearson correlation coefficient was calculated between number of countries and number of citations per paper which showed a significant correlation at the 0.01 level (Table VIII) .
Institution
Internationally coauthored papers Note: * Correlation is significant at the 0.01 level (two-tailed) 
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Discussion and conclusions The investigation of the rate of joint domestic and international joint publications showed that the rate of domestic articles was higher than that of international co-publications in each year beginning in 1998 and continuing through 2007. The growth rate of articles with both patterns also reveals that the growth rate of publications with international author teams is lower than that of domestic ones. It seems that the proportion of publications with international author teams was decreasing against the increase in the proportion of domestic ones. All in all, the proportion of domestic articles to international was 3-1 over the ten year period.
The number of Iranian international co-authored publications to total publications, which was 22 percent in comparison to this rate in other countries, was not so significant. Luukkonen et al. (1991) showed that about one third of the articles in Nordic countries are internationally co-authored. The study of the growth rate of co-authored international publications does not match the international results of the present research. According to Melin (2000) , international joint publications in the science field are rapidly increasing. Luukkonen et al. (1992) indicated that the number of internationally co-authored articles had doubled during the last ten to 15 years. Also, Schubert and Braun (1990) and Glänzel (2001) stated that the share of internationally co-authored publications has dramatically increased in most countries during the last two decades.
International collaborations in science and technology are a top priority for the Iranian Government and policy makers (Harirchi et al., 2007) . The Ministry of Science, Research, and Technology of Iran has encouraged Iranian researchers to publish their manuscripts in high ranking international scientific journals (Osareh and Wilson, 2000) . However, the proportion of Iranian international co-publications in comparison with domestic ones is not considerable. It seems that the scientific gap between Iranian universities and other universities of the world, particularly American and European universities, has widened in recent years. As a result, scientists from other countries have little or no tendency to collaborate with Iranian scientists, especially those who are active in Iranian universities and research centers.
It is true that the internet puts aside geographical and physical boundaries, but having scientific relations, especially at the international level, should be supported by favorable international political relations, something which Iranian scholars suffer from.
The results of investigating the rate of international collaboration among Iranian researchers in different fields revealed that the rate of international collaboration was lower than domestic collaboration in most fields. Geosciences had the biggest number of publications co-authored internationally. Although it was expected that the most productive fields showed the more international collaboration, the result was vice versa and chemistry as the most productive field in Iran had the lowest percentage of publications co-authored internationally. Harirchi et al. (2007) also came to the same result that international collaboration was not much considerable among Iranian researchers in different fields.
The findings of the study also showed that international research collaboration enhanced the quality of research. We found a significant correlation between number of countries cooperated per paper and the number of citations received by those papers and came to this result that the number of citations received by international co-authored publications was more than the number of citations received by domestic co-authored publications. The results of different research have also shown that international collaboration can influence research impact (Narin et al., 1991; Schmoch and Schubert, 2008; Sooryamoorthy, 2009) .
Like many other developing countries (Wagner et al., 2001) , Iranian scholars collaborate first and foremost with researchers in the leading scientific nations. Iran's main partners are scientifically advanced countries and Iranian researchers have co-published more with American researchers. The unique economic, financial, scientific, and cultural potential and facilities of this country have made it more attractive for researchers in other countries to collaborate with its researchers.
At the end, as a limitation for our research, it should be mentioned that present paper has be done on data gathered from SCI database which tracks publications in journals that SCI has selected. So, we have done our research on those publications covered by SCI and not all Iranian scientific outputs during the examined years.
